A novel plant growth regulator, pironetin was isolated from the culture broth of Streptomyces sp. NK 10958. Pironetin showed a significant shortening function of the wheat stem length in the pot test. Pironetin showed 13.4% inhibition on the growth of rice stem length at 100 g/10 a when applied 5 days before heading in the semi-field test. The plant growth inhibition with pironetin was not remedied by the additional application of gibberellin. The mode of action of pironetin is different from the inhibition of gibberellin biosynthesis. Pironetin was supposed to inhibit cell division on plant.
INTRODUCTION
Plant growth regulators which have the activity to shorten the plant height are called plant growth retardants. Plant growth retardants prevent, or reduce, the probability for crops to lodge in heavy winds and rain. The lodging resistance of plant is owing to the shortening of the plant height. Chlormequat chloride (2-chloroethyltrimethylammonium chloride) is a major growth retardant with wheat in Europe. It has shortened the wheat stem length and prevented wheat from the lodging. Inabenfide [4-chloro-2-(a-hydroxybenzyl)isonicotin anilide] and paclobutrazol [(2RS, 3RS)-l-(4-chlorophenyl)-4, 4-dimethyl-2-(1 H-1, 2, 4-triazol-l-yl) pentane-3-ol] are growth retardants used in rice field in Japan. They have shown inhibitions on the growth of rice stem length. Many growth retardants have the activity to inhibit specific steps in the biosynthesis of gibberellin which are necessary for plant growth.1) When these commercial retardants are used, it is possible to reverse the inhibition effect in plants by the simultaneous application of gibberellin at the appropriate dose. 1-3) It is interesting to find a new growth retardant, the mode of action of which is different from the inhibition of biosynthesis of gibberellin.
In our screening of microbial secondary metabolites for plant growth regulators, we found a new compound and named it pironetin4,5) (Fig. 1) . We have reported the biological effects of pironetin on rice in the green house in the previous paper. 4) In this report, we describe plant growth regulative effects of pironetin on wheat in the green house and on rice in the semi-field test. We also studied whether the mode of action of pironetin is as same as gibberellin biosynthesis inhibition or not on rice seedlings. We cut roots of sugar pea treated with pironetin into thin sections for microscopic examination in order to observe the morphological changes of the cells.
MATERIALS AND METHODS

Chemicals
Pironetin was prepared and formulated as previously reported.4) Agrochemicals (inabenfide, pacrobutrazol, chlormequat chloride) were commercially purchased.
Plant Growth Regulative Effects 2.1 Wheat
Seven seeds of wheat (Triticum aestivum L. cv. Normn 61) were sown in each plastic pot (9.5 cm across and 10 cm deep) filled with field soil and covered with soil. The pots were placed in a green house. Five days before heading, pironetin and chlormequat chloride were diluted with water respectively and were applied on wheat with foliar spray. Stem length, number of spikelet, ear weight and 1000 grains weight of wheat were measured 8 weeks after heading.
2 Rice
Each concrete pot (50 x 50 x 50 cm) in the field was filled with paddy diluvium soil and manured (fertilizer application) and puddled with suitable water. Four bundles of rice seedlings (Oryzae sativa L, cv. Koshihikari) grown to 3-leaf stage were transplanted into the pot at a depth of about 2 cm, and the pot was flooded with water 3.5 cm deep. Pironetin was diluted with water and applied in the pots by submerging treatment and the standard chemicals (granule) were applied in the pots, respectively. The application timing and dosage are shown in Table 2 . The stem length and ear weight were measured 8 weeks after heading.
Reversing by the Simultaneous Application
of Gibberellin Fifteen germinated seeds of rice (Oryza sativa L. cv. Nipponbare) were put in a test tube with 2.5 cm diameter, followed by adding 2.0 ml of the solution of chemicals as shown in Table 3 . After the treatment the test tubes were kept in a growth cabinet (25C, 16 hr, 6000 lux). The plant height and root length of rice plant were measured 6 days after the treatment.
Microscopic Observation of the Pironetin
Treated Root Cell Germinated seeds of sugar pea (Plum sativum L, cv. Kinusaya) were drenched with 20 ml of pironetin diluted solution (100 ppm) in a Petri dish and kept for 24 hr in a growth cabinet (25C, darkness). The roots of sugar pea were taken from the Petri dish and the root caps were sliced horizontally and vertically for observation under a microscope.
RESULTS
Plant Growth Regulative Effects 1.1 Wheat
As shown in Table 1 , pironetin showed about 20% shortening of stem length of wheat at 125-1000 ppm. There was no influence of pironetin on the number of spikelet. The ear weight and 1000 grains weight were reduced to 2000 ppm. They were slightly reduced from 125-1000 ppm but the reductions were not significant.
Rice (Oryza sativa L, cv. Koshihikari) in
the semi-field Pironetin showed 12.0-18.7% shortening of stem length of rice at 100g/10 a. The harvests of rice were decreased to 90.6% when pironetin applied 8 and 16 days before heading but decreased to 96.1% (not significant) when Table  2 Effects of pironetin on the growth and harvest of rice plant in the semi-field.
a) Significances at 5 and 1% levels are shown with * and ** respectively. pironetin applied 5 days before heading. Inabenfide did not show a significant shortening of stem length and pacrobutrazol showed 18.1% shortening of stem length without a significant reduce of ear weight (Table 2 ). 1.3 Reversing by the simultaneous application of gibberellin Pironetin showed 83-60% inhibition to the plant height and 98-96% inhibition to the root length, while pacrobutrazol (10 ppm) showed 46 and 62% inhibitions to the plant height and root length, respectively. Gibberellin showed 90% (10 ppm) and 65% (1 ppm) elongations of the plant height and 40% (10 ppm) and 17% (1 ppm) elongations of the root length. The combined application of pironetin with gibberellin did not show any recovery of plant height growth, but the growth inhibition of plant height with pacrobutrazol was remedied in proportion to the gibberellin concentrations. Gibberellin also did not remedy the inhibition of root growth caused by pironetin, but gibberellin remedied the inhibition of root growth caused by pacrobutrazol (Table 3) .
Microscopic Observation of the Pironetin
Treated Root Cell Pironetin reduced the shoot length and root length of sugar pea. The effect of pironetin to root cells was observed as shown in Fig. 2 . The cell sizes of root tissues treated with pironetin ( Fig. 2-B and D) were larger than untreated cells (Fig. 2-A and C) . 
DISCUSSION
Our new plant growth regulator, pironetin showed good plant growth regulative activity. It showed the same growth inhibition within standard error at 125-1000 ppm on wheat. The grain yield was slightly reduced but it was not significant in these concentrations. The damage of pironetin was observed at 2000 ppm same as chlormequat chloride. Pironetin also showed significant shortenings of rice stem length in the semi-field test. It is preferable to use pironetin on rice 5 days before heading because of preventing its damage on harvest. Pironetin is useful for preventing the lodging of rice plant.
It has been reported that pacrobutrazol and inabenfide inhibited specific steps in the biosynthesis of gibberellin and the inhibitions were canceled by the addition of gibberellin.2,6,7) The inhibition of plant growth caused by pironetin was not remedied by simultaneous application of gibberellin as shown in Table 3 . We suppose that the mode of action of pironetin is not concerned with gibberellin biosynthesis.
While Osada et al, recently reported that pironetin inhibited the cell division cycle of mouse cell line at the early stage of M-phase,a' it would seem that pironetin inhibited the plant cell division cycle same as mammalian cell. But it is technically difficult for us to observe directly the inhibition of cell division cycle with plant cells by the same method. So a further study was tried to observe what kind of morphological influence pironetin gave to plant cells. The root of pironetin-treated sugar pea was shorter than the root of untreated sugar pea, while each volume of root cells of sugar pea treated with pironetin became bigger than untreated cells under the microscopic observation (Fig. 2) . These observations revealed that the number of cells of pironetin-treated sugar pea was fewer than untreated one. And the hypertrophy of cells with pironetin treatment represented that cells were not dead but alive and growing. This showed the possibility that plant cell division was inhibited by pironetin. So we concluded that the plant growth regulative activity of pironetin is owing to inhibition of cell division.
